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Introduction
81
Repeated exposure to stressful thermal environments initiates heat adaptation in humans [1] . Heat 82 adaptation incorporates the interrelated acclimation and thermotolerance [2, 3] . A heat acclimated 83 phenotype describes enhanced heat loss effector responses and hypervolemia which mitigate 84 physiological, perceptual, and functional detriments to heat exposure [1, 4] . Thermotolerance or 85 acquired cellular thermotolerance is the nomenclature used to describe cellular adaptations caused 86 by a single, or repeated severe, but non-lethal heat exposure [e.g. heat acclimation (HA)] [5] . 87 HA repeatedly initiates the heat shock response (HSR), typically increasing various basal heat shock 88 proteins (HSP), including HSP72 (HSP72). In response to 10 d HA, baseline intracellular HSP72 has been 89
shown to increase by 18% [6] whilst heat shock protein 72 messenger ribonucleic acid (Hsp72 90 mRNA) demonstrates a pattern whereby transcription occurs within each HA session (+195%) before 91 returning to baseline 24 hr later [7, 8] . These transient HA mediated cellular adaptations to iHSP72 can 92 confer cytoprotection to subsequent thermal [6] and non-thermal [8] stressors in vitro [6] and in vivo 93 [9] . Eloquent in-vitro data demonstrates that cytoprotection to stress (thermal or otherwise) is 94 abolished when HSP72 is knocked out [10] [11] [12] particularly when comparing independent groups.following six weeks of continuous and interval training. Specifically, HSP70 increased by 38 ± 41% and 106 23 ± 36% following continuous and interval training respectively in males (n = 5); however females (n 107 = 5) had no changes (3 ± 37% and 4 ± 14% increase respectively), despite similar training status, 108 training prescription and training adaptations (V� O2 max) [ adaptations from male only cohorts [7, 21] . This may reduce the magnitude to which females are 126 protected against heat injury [14] . 127
The aim of the current study was to determine whether the Hsp72 mRNA response during controlled 128 hyperthermia HA, differed between males and females. It was hypothesised that the Hsp72 mRNA 129 response would be attenuated in females compared to males across the course of controlled 130 hyperthermia HA. 131
Materials and methods
132
Participants 133
Based on a priori power analyses using previous experimental data with identical methods [7, 8] ) and progesterone (~1 ng.ml -1 ) value are expected to be stable. 145 Notes: BM, body mass; V� O2 peak, peak oxygen uptake
Preliminary testing 148
2 hr prior to arrival participants consumed 3-5 mL.kg -1 of water. On arrival to the laboratory for all 149 experimental sessions, participants voided their bladder to provide a mid-flow urine sample. When 150 two out of the following three criteria were achieved, adequate hydration to perform the trial was 151 assumed based upon an osmolality value of ≤ 700 mOsm.kg Reading, UK) 10 cm past the anal sphincter and affixed a heart rate (HR) monitor (Polar Electro Oy, 166
Kempele, Finland). After a 20 min seated stabilisation period, resting measures were recorded and 167 participants entered the environmental chamber (TISS, Hampshire, UK). The daily sessions consisted 168 of a 90 min exposure to 40°C, 40% RH. Exercise intensity was set at 65% V� O2 peak from the outset and 169 adjusted with work: rest intervals to maintain a rectal temperature (Tre) ~ 38.5°C [25, 26] . Tre and HR 170 were recorded at 5 min intervals. Fluid intake was restricted during the 90 min HA session.
reaction (RT-qPCR) 173
Venous blood samples were taken immediately before and immediately after exercise heat exposure 174 on D1, D5, and D10 of controlled hyperthermia HA. All blood samples were drawn from the antecubital 175 vein into 6 mL EDTA Vacuette tubes (Grenier BIO-One, Stonehouse, UK). 1 mL of venous blood was 176 pipetted into 10 mL of 1 in 10 red blood cell lysis solution (10X red 
Statistical analysis 201
All data were first checked for normality using the Shapiro-Wilk method and corrected for sphericity 202 using the Greenhouse Geisser method. A two way mixed design analysis of variance (ANOVA) was 203 performed to determine differences between the physiological and performance characteristics 204 between D1, D5, and D10 in males and females. A three-way mixed design ANOVA was performed to 205 identify differences between the Hsp72 mRNA, pre and post, on D1, D5, and D10 of controlled 206 hyperthermia HA between males and females. When a main effect or interaction effect was found, 207 results were followed up using a Bonferroni corrected post hoc comparison. Effect sizes [partial eta 208 squared (np There was a main effect of day on relative exercise intensity (F (2, 16) = 21.593, p ≤ 0.001, np 2 = 0.730). 247
Relative exercise intensity was higher on D5 (p ≤ 0.001) and D10 (p ≤ 0.001) compared to D1. There 248 were no differences between D5 and D10 (p = 0.221). There was no interaction effect between day 249 and sex on relative exercise intensity (F (2, 16) = 0.1.034, p = 0.378, np 2 = 0.114). Intensity (% V� O2 peak) 38 ± 5 35 ± 8 50 ± 6 44 ± 7 52 ± 11 53 ± 14 252 Notes: HR, heart rate; Tre, rectal temperature; V� O2 peak, peak oxygen uptake. In the current study, HA produced a significant increase in Hsp72 mRNA providing further evidence 267 that the controlled hyperthermia HA method presents a sufficient endogenous stress to surpass the 268 minimum requirement to elicit increased transcription of Hsp72 mRNA, in both males and females, at 269 the onset and culmination of discrete and repeated bouts of exercise-heat stress. Gibson et al. [7] 270 reported an increase in Hsp72 mRNA pre to post on D1 (1.9 ± 0.6 fold, 4.9 ± 1.1 fold), D5 (2.3 ± 0.8 271 fold, 5.3 ± 2.5 fold) and D10 (2.1 ± 0.7 fold, 4.3 ± 1.3 fold) during a 10 d controlled hyperthermia HA 272 protocol in male participants. The data in the current study demonstrates females have a comparable 273 magnitude of response to males. Accordingly, this data provides mechanistic support for practitioners 274 prescribing controlled hyperthermia HA for female athletes. Sustained increases in Hsp72 mRNA 275 throughout the HA, further demonstrates the continued stimulation of the pathways responsible for 276 thermotolerance, i.e. the equality of HSR, in both males and females.
Previously, a greater HSP72 increase has been reported in males compared to females [16, 20] ; 278 however, these studies measured the protein (HSP) whereas the current study measured the gene 279 
